Increasing morbidity and mortality rates of coronary heart disease (CHD) by increasing levels of neighbourhood deprivation may be explained by a positive association between neighbourhood deprivation and risk factors of CHD. In this study we investigated the association between neighbourhood deprivation and overweight. Further, we examined whether this association was modified by educational level, age and sex of the neighbourhood residents. METHODS: Data were used from 8897 subjects who participated in the baseline measurement of the Dutch GLOBE Study in 1991 and lived in 86 neighbourhoods of the fifth largest city in The Netherlands (Eindhoven). Neighbourhood deprivation was based on aggregated self-reported information about educational and occupational level and employment status. Self-reported body height and body weight were used to define overweight body mass index ((BMI) 25). RESULTS: Adjusted for educational level, age and sex of neighbourhood residents, odds ratios of overweight increased significantly by increasing neighbourhood deprivation (odds ratio ¼ 1.20, 95% CI 1.02, 1.41 in the highest vs lowest quartile of neighbourhood deprivation). Stratified analyses showed a stronger association between neighbourhood deprivation and overweight in females compared to males, and in older ( 49 y of age) compared to younger participants. The pattern of increasing odds ratios of overweight by neighbourhood deprivation was generally similar in all educational groups, the highest educational group being the exception with no association between neighbourhood deprivation and overweight. CONCLUSIONS: Increased prevalence rates of overweight in more compared to less deprived neighbourhoods are likely to contribute to the positive association between neighbourhood deprivation and CHD. Our results justify the development of a community-based strategy of primary prevention of overweight in deprived neighbourhoods, which may have a larger impact in females and older residents in particular. Prior to implementation, however, longitudinal research needs to further examine responsible mechanisms for the development of neighbourhood inequalities in overweight.
Introduction
A number of studies have shown a positive association between deprivation in neighbourhoods and all-cause mortality, 1 -3 mortality 4 and morbidity 5, 6 due to coronary heart disease (CHD), even after adjustment for the socioeconomic position (SEP) of those living in the neighbourhoods. To some extent, these findings may be explained by the association between neighbourhood deprivation and established risk factors of CHD, as reported previously for blood pressure, smoking and physical inactivity. 6 -9 Overweight and obesity (hereafter called 'overweight') are associated with CHD morbidity and mortality, 10, 11 and prevalence rates have increased in recent decades. 12 -14 This emphasizes the importance of innovative research aimed at understanding its causes and at developing effective prevention programmes. In that perspective, knowledge of neighbourhood variation in overweight is clearly required.
There is substantial evidence of an inverse association between individual SEP and overweight, particularly in women. 15 Moreover, inequalities in overweight have increased in many countries in recent decades. 16 Evidence of neighbourhood inequalities in overweight, however, is limited. Ellaway et al found an increasing mean body mass index (BMI) in four neighbourhoods with an increasing level of deprivation. 17 Reijneveld reported a statistically significantly increased risk of obesity (BMI > 27) in the most vs the least deprived tertile of neighbourhood deprivation for some, but not all, indicators of neighbourhood deprivation, after adjustment for three measures of individual SEP. 8 An increased risk of obesity by increasing levels of neighbourhood deprivation, independent of individual educational level, was found by Sundquist et al. 18 In the Renfrew and Paisley study, age and social class adjusted mean BMI increased significantly (P < 0.01) with increasing neighbourhood deprivation in females, but not in males. 3 The latter study suggests that the association between neighbourhood deprivation and overweight may be modified by individual socio-demographic factors, which has been found for other CHD risk factors as well. 9 This may be due to differences in the importance of, and time spend in neighbourhoods between subgroups. We expect that for subjects in lower socioeconomic groups, for females and for older subjects the neighbourhood environment may have a larger impact on daily life than for subjects in higher socioeconomic groups, for males and younger persons, at least partly because the first groups presumably spend more time in their neighbourhoods. For example, the percentages of subjects employed in our study population were 27.5 and 15.6% for males and females, respectively. For housewives=men these percentages were 24.6 and 0.2%. Identification of subgroups may show who can particularly benefit from prevention programmes in neighbourhoods.
Using data from the baseline measurement of the Dutch GLOBE Study, 19 we aimed at answering the following research questions: (1) is there an association between neighbourhood deprivation and overweight, after adjustment for SEP, age and sex of the neighbourhood residents? (2) Is the association between neighbourhood deprivation and overweight modified by SEP, age and sex?
Subjects and methods

Study population
The GLOBE Study is a prospective cohort study aimed at explaining socioeconomic inequalities in health. Objectives and design of the study are presented elsewhere in detail. 19 For the baseline measurement, a random sample of 27 070 non-institutionalised subjects between 15 and 75 y of age and living in the south-eastern part of The Netherlands were invited to fill in a postal questionnaire, including questions on SEP and potential explaining factors for inequalities in health. Response rate was 70.1%, which resulted in 18 973 study participants. There were no significant differences in response rates by SEP (based on zip code), age, sex and level of urbanisation. 19 The area of study included the city of Eindhoven, which was the fifth largest city of The Netherlands (approximately 135 000 inhabitants between 15 and 74 y of age) in 1991. Because this study focused on city neighbourhoods, it was restricted to participants living in Eindhoven. In the original study, the total sample was stratified by degree of urbanisation, with an over-representation of subjects in this city compared to subjects in less urbanised regions, and therefore a relatively large number of participating subjects were inhabitants of this city: n ¼ 10 450 (sampling fraction approximately 1:13).
In the present study, we excluded subjects aged 19 y or younger (n ¼ 512) and those older than 70 y (n ¼ 724) in order to avoid changes in BMI because of changes in body height. Subjects with missing data for variables included were excluded from the study population (n ¼ 317; 3.4%). As a consequence, the study population comprised 8897 subjects (males, n ¼ 4345; females, n ¼ 4552), living in 86 different neighbourhoods (mean number of individuals per neighbourhood, n ¼ 103). The definition of neighbourhoods was based on administrative units.
Socioeconomic position and neighbourhood deprivation
Educational level, which is a good indicator of SEP in The Netherlands, 20 was used to indicate individual SEP. A closed question was used to obtain information on highest attained level of education, from which we created four different categories (primary education; lower professional and intermediate general education; intermediate professional and higher general education; higher professional education and university).
At present, neighbourhood deprivation is measured in a variety of ways. Probably the most common approach is to compose an indicator from several indicators of SEP and=or deprivation. Using this approach, the indicator probably better reflects different aspects of neighbourhood deprivation than any single indicator. In our study, neighbourhood deprivation was indexed from self-reported information on educational level, occupational level (categorised into five groups using the Erikson, Goldthorpe, Portocarero (EGP) classification 21 ) and employment status (in six categories, including 'unemployed'), as obtained in the baseline measurement. This information was subsequently aggregated to the neighbourhood level. Neighbourhoods were ranked based on: (1) the percentage of subjects with primary school as highest attained educational level per neighbourhood; (2) the percentage of subjects in occupational class V (unskilled manual workers) per neighbourhood; and (3) the percentage of unemployed subjects per neighbourhood. These three rankings (with the highest ranks given to the most deprived neighbourhoods) were summed and subsequently quartiles were constructed. Hence, the first quartile of neighbourhood deprivation consisted of the 25% neighbourhoods with the lowest summed ranks for the three aggregated indicators (the least deprived neighbourhoods) and the upper quartile included the 25% neighbourhoods with the highest summed ranks (the most deprived neighbourhoods).
Overweight
Information on body height (cm) and body weight (kg) was obtained through self-administered open questions in the
Neighbourhood deprivation and overweight FJ van Lenthe and JP Mackenbach questionnaire. BMI was calculated as (body weight (kg)=body height (m) 2 ). Overweight was defined as BMI 25.
Statistical analysis
Multivariate logistic regression analysis was used to investigate the association between educational level, age, sex and overweight, with categorical variables treated as dummy variables. In subsequent analyses, including neighbourhood deprivation, we used multilevel models to take into account the hierarchical structure of the data (subjects clustered within neighbourhoods); 22 more specific random intercept models were constructed, in which the intercept was allowed to vary between neighbourhoods. The association between neighbourhood deprivation and overweight (research question 1) was evaluated by the odds ratios for neighbourhood deprivation, after adjustment for educational level, age (five 10 y categories) and sex. Subsequently, interaction terms were included between neighbourhood deprivation and educational level, age and sex (research question 2). Because log-likelihood ratio tests are not reliable in multilevel logistic regression analysis, 22 we used the Wald test and confidence intervals to evaluate the significance of these interaction terms. Where there was significance of the Wald test or odds ratios for interaction terms not including 1, analyses were stratified by educational level, age or sex. Analyses were performed with SPSS (version 9) and MlwiN. 23, 24 Results Table 1 shows the association between individual educational level, age, sex and overweight. Odds ratios of overweight increased with decreasing level of education and increasing age. The odds ratio of overweight was significantly lower in females than in males (OR ¼ 0.62; 95%, CI 0.56, 0.68). There appeared to be a significant interaction between sex and educational level (P ¼ 0.00). Stratified analyses showed a significantly higher odds ratio of overweight in the lowest educational group in females (OR ¼ 3.33, 95% CI 2.54; 4.38) than in males (OR ¼ 2.29, 95% CI 1.87; 2.79), compared to their reference group. No other significant interactions were found. Table 2 shows descriptive information by quartiles of neighbourhood deprivation. Mean BMI and the prevalence of overweight increased by increasing neighbourhood deprivation. A tendency of increasing mean ages by increasing neighbourhood deprivation was found, while the sex distribution was generally equal across the four quartiles. Table 3 shows increasing odds ratios of overweight by increasing neighbourhood deprivation (model 1). Compared to the odds ratio of overweight in the least deprived quartile of neighbourhoods, odds ratios were significantly increased in the two most deprived quartiles of neighbourhoods. Additional adjustment of individual educational level reduced the odds ratios of neighbourhood deprivation substantially, but even after adjustment significantly increased odds ratios were found in the two most deprived quartiles of neighbourhoods (model 2). Subsequently, three first-order interactions between neighbourhood deprivation and (1) educational level, (2) age and (3) sex were included in the models. Significantly increased odds ratio were found for interactions between neighbourhood deprivation and educational level, between neighbourhood deprivation and age (dichotomised with median age (49 y) as cut-off point) and between neighbourhood deprivation and sex. Analyses stratified by sex showed increasing odds ratios of overweight by increasing neighbourhood deprivation in females, but not in males (Table 4) . Analyses stratified by age showed significantly 
Neighbourhood deprivation and overweight
FJ van Lenthe and JP Mackenbach increased odds ratios of overweight in the most deprived quartiles of neighbourhoods in subjects 49 y of age or older, but not in subjects younger than 49 y of age (Table 4) . Results of stratified analysed by educational level showed a more complex pattern (Figure 1) . A general pattern of increasing odds ratios of overweight by neighbourhood deprivation within each individual educational stratum was found, except for the highest educational group. In the latter group, no association was found between neighbourhood deprivation and overweight. In the three lowest educational groups, odds ratios of overweight for the most deprived quartile did not increase by educational level, but were of similar magnitude.
Discussion
In the present study we found increasing and statistically significantly odds ratios of overweight by increasing levels of neighbourhood deprivation, after adjustment for educational level, age and sex of neighbourhood residents. In line with our hypotheses, stratified analyses showed stronger associations between neighbourhood deprivation and overweight in females compared to males and in older compared to younger subjects. A pattern of increasing odds ratios of overweight by neighbourhood deprivation was found for subjects in all but the highest educational groups.
Several methodological remarks have to be made. Firstly, in our study BMI is derived from self-reported data and this may have resulted in either an under-or overestimation of the results. It is known that self-reported data on body weight can result in an underestimation of the 'real' body weight, particularly in overweight subjects. 25 The latter are more prevalent in lower socioeconomic groups. Because neighbourhood deprivation was partly based on the percentage of individuals in the lowest educational group, the reported risk gradient of overweight by neighbourhood deprivation may be underestimated. However, underestimation of the prevalence of overweight in lower socioeconomic groups would result in an overestimation of the risk gradient for overweight, after adjustment for educational level. It could also be speculated, however, that higher educated overweight subjects under-report their 'real' body weight more than lower educated overweight subjects, because they are more aware of the health consequences of being overweight. This would result in an overestimation of the risk gradient in overweight by neighbourhood deprivation.
Secondly, we composed our indicator of neighbourhood deprivation by aggregating information from samples in each neighbourhood. This may have resulted in incorrect estimates of neighbourhood deprivation. For one of the three indicators used to compose the neighbourhood deprivation score (percentage of unemployment), information Neighbourhood deprivation and overweight FJ van Lenthe and JP Mackenbach from all neighbourhood residents was available through the statistical division of Eindhoven municipality. We found a high correlation between our assessed indicator of unemployment and the indicator derived from the city municipality (r ¼ 0.71, P < 0.01). Thirdly, we adjusted the effects of neighbourhood deprivation for individual educational level. Additional analyses showed a stronger association between educational level and overweight than between either occupational level or employment status and overweight. Adjustment for all three indicators did not change the results essentially (results not shown). Finally, we used a crosssectional design and we can therefore only speculate on causal inferences. In order to understand the mechanism through which neighbourhood deprivation is associated with overweight (and other determinants of health), longitudinal studies are required.
With several studies showing the importance of the neighbourhood environment for health and health-related behaviour, there is a clear need to further investigate Neighbourhood deprivation and overweight FJ van Lenthe and JP Mackenbach responsible mechanisms. With respect to neighbourhood differences in overweight, a selection and a causation mechanism can be identified. In a selection mechanism, specific groups of individuals (defined by a lifestyle associated with an increased risk of overweight) would move into or out of neighbourhoods, driven by achieving homogeneity in lifestyle, a process called selective migration. We expect, however, that achieving homogeneity in SEP is a more important drive for moving into or out of a neighbourhood; hence, we expect a minor contribution of selective migration in the development of inequalities in overweight by neighbourhood deprivation. In a causation mechanism, determinants of overweight are more prevalent in more deprived neighbourhoods. A conceptual model for such a causation mechanism is presented in Figure 2 . Neighbourhood inequalities in overweight may be the result of neighbourhood inequalities in individual determinants of overweight, as has been reported for physical inactivity and dietary patterns (but not calorie intake). 9, 18, 26 Higher prevalence rates of smoking in more compared to less deprived neighbourhoods may as such reduce neighbourhood inequalities in obesity. 18 Several neighbourhood characteristics have been suggested to be responsible for neighbourhood inequalities in these determinants. Differences in neighbourhood facilities (availability and prices of healthy food 27 and absence of sports facilities and parks 9 ) may be related to neighbourhood inequalities in dietary intake and physical activity. For the latter factor, differences in stressors shaping the neighbourhood living environment (such as high traffic density and crime) may contribute as well to neighbourhood inequalities. 9 These stressors may also contribute to inequalities in smoking and alcohol intake. Stress has been associated with obesity, particularly central obesity, through endocrinological changes in the body. 28, 29 Analogous to this, it can be hypothesised that neighbourhood stressors cause overweight, other than through health-related behaviour.
Finally, norms and values towards health-related behaviour and overweight may differ between neighbourhoods. Obesity has been associated with low self-esteem and feelings of shame; 28 it seems possible that, in neighbourhoods with a high prevalence of overweight, acceptance of overweight is higher than in neighbourhoods with low prevalence of overweight. Hence, the motivation for overweight subjects to lose weight may decrease with increasing levels of neighbourhood deprivation and the incidence of overweight may be higher in neighbourhoods with an already high prevalence of overweight. Although this model may only be a simple reflection of a real mechanism, several important hypotheses can be derived from it, which should be tested in future studies.
The present study yields several implications for the prevention of overweight. In our study odds ratios of overweight by educational level were higher than by neighbourhood deprivation. Hence, individuals in lower educational groups remain to be a target population for prevention. The independent and inverse association between neighbourhood deprivation and overweight suggests that additional prevention programmes may be tailored towards residents of deprived neighbourhoods. Such programmes may a larger impact on females and older subjects. Prior to implementation of such programmes, however, the mechanism through which neighbourhood inequalities in overweight develops should be further investigated. 
